UYIBRL T 2 JRE % Nesbit 55 THY& L, DENE
CREEHIET 5, EBEEOMFIEIIEBE L & 2
P, REE TR L2729, 53BEDE S
BThHb. BEICIHERIED 7 ®T T 4-0 BIY
REERLTWS (K12),

A1 S——— ATEF A~V FBEIE D & i EES A 0 e
— TE2 (M13), HEICL > T2 OB IR
2T 3. BXRAPEARGBTRLZUET, B8O
ROES TEADSRED PTUFCEZLTwE, =
MR TEOESEE K 14, 15 07T,

g & ®
SBREETRES UKL s, 158872 -

AERAN— TV

|

’1ml‘hllntunnm.u-

13 ATATFhEs
B D EHIRHFIE D » BRI E
’ E28+3mm, F&10+2mm ¥ 32,

it

14 R X 2 2EREEBRESERE

ATEPS
]

P e P e R e S e S S h S

15 EBFECK T 2 BERABERT & oL
L 2 HEHRABHETR

—1814—— o




LR, ThYEETH->TH, MEHEHBESLAHH
TEILRLETHE, BHEATEERET 22
ERMEOQOL * BEKMIF CE2EHTH L+
WET 3. BE2EMTHEITEN: 6 BlOHTBDE
WERE U722, XEMEBEE2 TS wH®EL T
724, BRI TReo BT R BEIH 5 -
72o E1z, BRFAEFTINL e KB 1980 01E
TLTWBEAS HoIz, TOILIRSBROEBEL
EZz el

1)

2)

,5?%5  §§552%975511%% 2001
N S

AHEERIED  ELRREBONT. =4
49 1 1023—1031, 1995

LFRBE—  BRABERIT. S RhaE 51
13—25, 1984

Nesbit RM : Ureterosigmoid anastomosis
by direct elliptical conection ; A prelimi-

nary report. J Urol .61 I 728—734 1949




G uicc

globai cancer control

International Journal of Cancer

Synthetic siRNA targeting the breakpoint of EWS/Fli-1 inhibits
growth of Ewing sarcoma xenografts in a mouse model
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The EWS/FIi-1 fusion gene, a product of the translocation £(11;22, q24;q12), is detected in 85% of Ewing sarcomas and-primitive
neuroectodermal tumors. It i is thought to be a transcriptronai actxvator that plays a ssgmfrcant roie in tumongenescs In this study,
we developed a novel EWS/ Fli-1 blockade system using RNA |nterference and tested its application for inhibiting the prohferation
of Ewing sarcoma cells in vitro and the treatment of mouse tumor xenografts in'vivo. We designed and synthesized a small
mterfermg RNA (srRNA) possessing an aromatrc compound atthe 3'-end targeting the breakpomt of EWS/Fli-1. As this sequence is
present only in tumor ceils, itis a potentially. relevant target We found that the siRNA targermg EWS/ Fli-1 significantly
suppressed the expressxon of EWS/Flr'i protein sequence speclflcaily and also reduced he expression of c-Myc protein in Ewing
sarcoma cells. We further demonstrated that mhibition of EWS/ Fii- 1 expressuon effi crentiy mhrbcted the prollferatron of the
transfected cells but did not induce apoptotic cell death In addition, the'siRNA possessing the aromatic compound-at the 3'-end

was more resistant to nucieolytrc degradatron than the unmodified siRNA. Administration of the siRNA with atelocollagen

srgmflcantly inhibited the tumor growth of TC-135,a Ewing sarcom

hne, which had been subcutaneously xenografted into

mice. Moreover, modifrcatron of the 3’—end with an aromatic compound |mproved its eﬁ‘rcrency in'vivo. Our data suggest that
specific downregulation of EWS/Fli-1 by RNA interference is a possible approach for the treatment of Ewing sarcoma.

The Ewing sarcoma family of tumors (ESFTSs) is a group of
highly malignant neoplasms that most often affect children
and young adults in the first two decades of life. It is the sec-
ond most common malignant bone tumor and accounts for
approximately 10% of all primary bone tumors. Despite
aggressive treatment strategies (chemotherapy, radiation ther-
apy and surgery), the long-term disease-free survival rate of

Key words: siRNA, sarcoma, xenograft, aromatic compound,
atelocollagen
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patients with ES is still disappointingly low, particularly in
poor-risk patients with metastasis. Therefore, identification of
new therapeutic targets is urgently needed.

The EWS/Fli-1 fusion gene, a product of the translocation
t(11;22, q24;q12), is detected in 85% of ESs and primitive neu-
roectodermal tumors. The EWS/Fli-1 translocation is formed
by the N-terminal domain of the RNA-binding protein EWS
and the DNA-binding domain of the ETS family transcrip-
tional factor Fli-1. Identification of several breakpoints for
both EWS and Fli-1 has demonstrated that the EWS/Fli-1
fusion genes are heterogeneous. Breakpoints of Type 1 (Exon
7 of EWS/Exon 6 of Fli-1) and Type 2 (Exon 7 of EWS/Exon 5
of Fli-1) are most commonly detected in affected patients.'”
We have reported that the EWS/Fli-1 fusion protein may be a
transcriptional activator that plays a significant role in the tu-
morigenesis of ESFTs.*” Although substantial studies have
reported that antagonism of the EWS fusion gene reduces
tumorigenicity and clonogenicity,®° its detailed biological
targets remain unknown. Our previous studies have indicated
that the EWS/FIi-1 gene regulates telomerase reverse transcrip-
tase (TERT),"" phospholipase D2,'? Aurora A, Aurora B' and
vascular endothelial growth factor (VEGR).*

RNA interference (RNAi) is a process of sequence-specific
posttranscriptional gene silencing triggered by double-
stranded RNAs (dsRNAs). These dsRNAs are processed by
the enzyme Dicer to generate duplexes of 21 to 23 nucleo-
tides (nt). These duplexes, which contain a 2-nt overhang at the
3'-end of each strand, are termed short interfering RNAs
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Figure 1. Characterization of the siRNAs. (@) Structures of the siRNAs. (b) Synthetic siRNAs targeting the breakpoint of EWS/Fli-1 Type 1
reduce the expression of EWS/Fli-1 protein in Ewing sarcoma cells. Western blot analysis of EWS/Fli-1 protein in TC-135, A673 and SK-ES-1
cells treated with siEFp, siEF, or siCONT at 48 hr after transfection. B-actin was used as a loading control, The results are representative of

three independent experiments.

(siRNAs), These siRNAs associate with the RNA-induced
silencing complex (RISC), which is then guided to catalyze the
sequence-specific degradation of the target mRNA.">'® RNAi
technologies offer the means to rationally design gene-specific
inhibitors and are currently the most widely used techniques in
functional genomic studies. However, application of siRNAs in
vivo remains difficult because of problems associated with their
stability, delivery and therapeutic efficacy.

Here, we demonstrate that silencing of EWS/Fli-1 with
RNAi impairs both cell proliferation of ES cell lines and tumor
growth in a mouse xenograft model. For our study, we used
synthetic siRNA possessing an aromatic compound at the 3'-
end and unmodified siRNA, targeting the breakpoint of the
EWS/Fli-1 type 1 fusion transcript. Targeting of the EWS/Fli-1
chimeric oncogene using RNAi technology will set a paradigm
for the validation of siRNA-based applications for treatment
of ES, as EWS/Fli-1 is present only in tumor cells and absent
in normal cells. Our results suggest that targeting of EWS/Fli-
1 could be a possible therapeutic option for ES.

haterial and Methods

The siRNAs

The siRNA was designed on the basis of the target sequence
at the breakpoint of EWS/Fli-1 type 1. The unmodified
siRNA (siEF) was synthesized by and purchased from Dhar-
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macon (Lafayette, CO). The sense and antisense sequences
were as follows: 5-GCAGAACCCUUCUUAUGACATAT-3
(sense) and 5'-GUCAUAAGAAGGGUUCUGCATAT-3' (anti-
sense). By using a DNA/RNA synthesizer by the phosphora-
midite method, we designed and chemically synthesized
siRNA possessing the aromatic compound pyridine (p) at the
3'-end (siEFp; Fig. 1a).'”"® The sequences were 5-GCAGAA
CCCUUCUUAUGACATATp-3' (sense) and 5-GUCAUAAG
AAGGGUUCUGCATdTp-3' (antisense). In addition, we syn-
thesized siRNA with a 3'-end modification targeting Renilla
luciferase (siCONT) as a negative control. The sequences
were  5-GGCCUUUCACUACUCCUCAATdATp-3'  (sense)
and 5'-GUACGAGUAGUGAAAGGCCATdTp-3' (antisense).
A BLAST search against EST libraries was performed to
confirm that no other human gene was targeted. All siRNAs
were resuspended in RNase-free water to prepare a 20-uM
stock solution.

Cell culture and transfection

TC-135, A673 and SK-ES-1 are ES cell lines carrying EWS/
Hi-1. TC-135 and A673 have the EWS/Fli-1 Type 1 fusion,
whereas SK-ES-1 has the Type 2 fusion. TC-135 was kindly
supplied by Dr. T.J. Triche (University of Southern Califor-
nia, Los Angeles, CA). A673 and SK-ES-1 were purchased
from the American Type Culture Collection (Manassas, VA).
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TC-135 cells were maintained in RPMI 1640 medium (Invi-
trogen, Carlsbad, CA) containing 10% fetal bovine serum
(FBS) at 37°C with a 5% CO, atmosphere. A673 cells were
cultured in DMEM with 10% FBS at 37°C under a 10% CO,
atmosphere. SK-ES-1 cells were cultured in McCoy’s 5A me-
dium with 10% FBS at 37°C under a 5% CO, atmosphere.
Transfection was carried out in 60-mm dishes (at 40% con-
fluency) using lipofectamine 2000 (Invitrogen), as recom-
mended by the manufacturer. Total protein and mRNA were
collected for Western blot analysis and real-time RT-PCR,
respectively.

Western blot analysis

Western blot analysis was carried out exactly as described
previously.”'> All proteins were determined by immunoblot-
ting. The EWS/Fli-1 fusion protein (68 kDa) was sensitively
detected by Western blotting using anti-Flil antibody (C-19,
1:200 dilution; Santa Cruz Biotechnology, Santa Cruz, CA).
Mouse monoclonal antibodies against c-Myc (9E10, 1:200
dilution) and VEGF (C-1, 1:200 dilution) were obtained from
Santa Cruz Biotechnology. Mouse monoclonal antibody
against TERT (2C4, 1:1000 dilution) was obtained from
Novus Biologicals (Litﬂetdh, CO). Rabbit polyclonal antibody
against poly(ADP-ribose) polymerase (PARP) (9542, 1:1000
dilution) was obtained from Cell Signaling Technology (Bos-
ton, MA). Mouse monoclonal antibody against B-actin
(JLA20, 1:5000 dilution) was obtained from Calbiochem (San
Diego, CA). Quantitative changes in luminescence were esti-
mated by LAS1000 UV mini and Multi Gauge Ver. 3.0 (Fuji
Film, Tokyo, Japan).

Real-time quantitative RT-PCR

Total RNA was isolated using a RNeasy mini kit (in vitro)
and a midi kit (in vivo; Qiagen, Hilden, Germany). Two
micrograms of total RNA was reverse transcribed using a
High-Capacity ¢cDNA Reverse Transcription Kit with RNase
inhibitor (Applied Biosystems, Foster City, CA). Quantitative
real-time PCR analysis using the fluorescent SYBR green
method (Bio-Rad, Richmond, CA) was performed in accord-
ance with the manufacturer’s instructions. The primers
5'-AGTTACCCACCCCAAACTGG-3 (forward) and
5-CCAAGGGGAGGACTTTTGTT-3' (reverse) were used
to amplify EWS/Fli-1, and the primers used for detection of
GAPDH were 5-TCCCATCACCATCITCCA-3 (forward)
and 5-ACTCACGCCACAGTTTCC-3 (reverse). The PCR
program consisted of enzyme activation at 95°C for 10 min
followed by amplification for 40 cycles (95°C for 30 sec,
61°C for 30 sec, 72°C for 30 sec). Data were generated from
each reaction, subjected to gene expression analysis using an
iCycler iQ Real-Time PCR Detection System (Bio-Rad) and
normalized against GAPDH.

Cell viability assay
Cell proliferation was determined by WST-8 assay using a
Cell Counting Kit (Dojin, Kumamoto, Japan). Experiments

EWS/Fli-1 downregulation impairs Ewing sarcoma growth

were carried out in accordance with the manufacturer’s rec-
ommended procedures. Briefly, cells (5 x 10% cells/well) were
incubated overnight in a 96-well plate and then transfected
with siRNA duplex. After incubation for the indicated time,
the Cell Counting Kit reagents were added to the culture. Af-
ter a further 1 hr of incubation, the absorbance at 450 nm
was measured with-a microplate reader. All experiments were
performed at least four times.

Analysis of DNA synthesis by labeling with
5-bromo-2/-deoxyuridine

DNA synthesis was analyzed using a 5-bromo-2'-deoxyuri-
dine (BrdU) Labeling and Detection Kit I (Roche Diagnostics,
Mannheim, Germany). Experiments were carried out in ac-
cordance with the manufacturer’s recommended procedures.
Briefly, TC-135 cells grown on glass coverslips were treated
with siRNAs (50 nM) as described above. After 72 hr of
transfection, the cell culture medium was removed, and the
BrdU-containing medium was added to the cells for 1 hr.
The cells were then fixed with 70% ice-cold ethanol, and the
BrdU was detected by immunofluorescence using anti-BrdU
antibody. The cells were subsequently labeled with propidium
iodide (PI) stain before being examined using a fluorescence
microscope (BIOREVO BZ-9000; KEYENCE, Osaka, Japan).

Apoptosis detection

Apoptosis was assessed by terminal deoxynucleotidyl trans-
ferase-mediated dUTP nick end labeling (TUNEL) assay
using an In Situ Cell Death Detection Kit (Roche). Experi-
ments were carried out in accordance with the manufac-
turer’s recommended procedures. Briefly, siRNA (50 nM)-
treated TC-135 cells grown on glass coverslips were fixed
with 4% paraformaldehyde in PBS, permeabilized with 0.2%
Triton X-100 in PBS and stained with the TUNEL reaction
mixture. The cells were finally labeled with Hoechst stain
before being examined using a fluorescence microscope.

Serum stability

The siRNAs (5 pM) were incubated at 37°C in 10% FBS
(Invitrogen) diluted in PBS. Aliquots of the reaction mixtures
were collected at different times. The nuclease reactions were
stopped by adding RNase inhibitor (Applied Biosystems). All
samples were subjected to electrophoresis in 15% polyacryl-
amide-TBE under nondenaturing conditions and visualized
by staining with GelRed (Biotium, Hayward, CA).

Partial hydrolysis of oligoribonucleotide with snake venom
phosphodiesterase

Each oligoribonucleotide (ON) (300 pmol) labeled with fluo-
rescein at the 5'-end was incubated with snake venom phos-
phodiesterase (SVPD) (5 x 107 units) in a buffer containing
37.5 mM Tris-HCl (pH 8.0) and 50 mM MgCl, (total 100
pL) at 37°C. At appropriate time points, aliquots of the reac-
fion mixture were separated and added to a solution of 7 M
urea. The solutions were analyzed by 20% polyacrylamide gel

Int. J. Cancer: 128, 216~226 (2011) © 2010 UICC
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containing 7 M urea. The labeled ON in the gel was visual-
ized by a Bio-imaging analyzer (LAS-4000; Fuji Film).

Tumor therapy

Male BALB/c athymic (nu/nu) nude mice (7 weeks old) were
obtained from Japan SLC (Tokyo, Japan). The mice were
housed in the animal facilities of the Division of Animal
Experiment, Life Science Research Center, Gifu University. A
total of 3.0 x 10° TC-135 cells in 0.1 mL of serum-free
RPMI1640 were inoculated subcuaneously through a 26-gauge
needle into the posterior flank. Tumor diameters were meas-
ured with digital calipers, and the tumor volume in mm® was
calculated using the formula: volume = (width)® x length/2.
Once tumors had reached a volume of 50-60 mm> (Day 0), the
tumor-bearing nude mice were treated with siEFp or siEF to-
gether with atelocollagen (Atelogene Local Use; Koken, Tokyo,
Japan). The final concentration of atelocollagen was 1.75% and
that of the siRNA was 500 pmol/tumor (10 pM in a 50-pL
injection volume for each tumor). The dose of the siRNA was
chosen on the basis of our previous study using VEGF siRNA
mixed with atelocollagen against ES xenografts."* As a control,
PBS mixed with atelocollagen was injected. Each therapeutic
reagent was injected into the tamors on Days 0, 1, 3, 7, 14 and
21. Tumor growth was measured every 3 days for a period of
up to 4 weeks. The mice were then sacrificed, and the tumors
were removed at specified times during treatment or at the end
of the experiment. Part of each tumor was snap frozen in liquid
nitrogen for determination of EWS/Fli-1 mRNA levels by
quantitative real-time RT-PCR, and another part was fixed in
formalin for immunohistochemical analysis. Animal experi-
ments in this study were performed in compliance with the
guidelines of the Institute for Laboratory Animal Research, Gifu
University Graduate School of Medicine, and the UCCCR guide-
lines for the Welfare of Animals in Experimental Neoplasia.

Immunchistochemistry

Tumor sections were dewaxed and rehydrated. Endogenous
peroxidase activity was blocked with 3% H,0, for 30 min.
For Ki-67 staining, sections were blocked with 2% bovine se-
rum albumin in PBS for 60 min and then incubated over-
night at 4°C in a 1:100 dilution of anti-human Ki-67 mono-
clonal mouse antibody (Dako, Copenhagen, Denmark) in
serum block. Subsequently, the sections were incubated with
biotinylated secondary antibodies (LSAB2 kit; Dako) for 30
min, followed by incubation with peroxidase-labeled strepta-
vidin (LSAB2 kit; Dako) for 30 min. The sections were devel-
oped with 3,3-diaminobenzidine (DAB) and then counter-
stained with hematoxylin.

Statistical analysis

Statistical analyses were carried out using GraphPad Prism
Version 5.01 (GraphPad Software, CA). The data were ana-
lyzed using ANOVA, and differences at P < 0.05 were consid-
ered statistically significant.
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Results

Synthetic siRNAs targeting the breakpoint of EWS/Fli-1

type 1 reduce the expression of EWS/Fli-1 protein in TC-
135 and Aé73 cells but not in SK-ES-1 cells

We designed two siRNAs targeting the breakpoint of EWS/Fli-
1 Type 1: a siRNA possessing the aromatic compound pyri-
dine in the 3'-overhang region (siEFp) and an unmodified
siRNA (siEF). To investigate their sequence specificity, these
siRNAs were used to treat TC-135 and A673 cells, which carry
the Type 1 EWS/Fli-1 fusion, and SK-ES-1 cells, which carry
the Type 2 fusion. Both siRNAs reduced the level of EWS/Eli-
1 protein expression in TC-135 and A673 cells but had no
apparent effect on that of SK-ES-1 cells (Fig. 1b). The siRNA
targeting luciferase (siCONT) showed no effect.

Effects of synthetic siRNAs targeting the breakpoint of
EWS/Fli-1 type 1 in TC-135 cells

The potency of the siRNA modified with the aromatic com-
pound pyridine at the 3'-end was investigated by analyzing
the levels of EWS/Fli-1 mRNA and protein in TC-135 cells
at different time points after transfection. The siEFp (50 nM)
and siEF (50 nM) significantly downregulated the expression
of EWS/Fli-1 mRNA at 24 hr after transfection. However, at
72 hr after transfection, we found that the downregulation of
EWS/Fli-1 mRNA by siEFp was significantly greater than
that by siEF (Fig. 24). Decreased mRNA levels were reflected
at the protein levels. Figure 2b shows the results of immuno-
blot analysis and the relative intensities of EWS/Fli-1 protein
expression standardized against B-actin. It was found that, at
48 hr after transfection, siEFp (50 nM) and siEF (50 nM)
reduced the expression of EWS/Fli-1 protein to a similar
extent. On the other hand, at 96 hr after transfection, siEFp
downregulated the expression of EWS/Fli-1 protein to a
greater degree than siEF. These inhibitory effects were de-
pendent on the concentration of the siRNAs, and maximal
suppression of EWS/Fli-1 protein was detected when 50 nM
was used (Fig. 2¢).

Because EWS/Fli-1 is known to activate the ¢-Myc pro-
moter,"”” we tested whether siRNAs targeting EWS/Fli-1 had
any effect on the level of c-Myc protein expression in TC-
135 cells. It was found that the downregulation of EWS/Fli-1
protein caused by siEFp and siEF paralleled the downregula-
tion of c-Myc protein (Fig. 2d). Our previous studies had
shown that EWS/Fli-1 regulates TERT and VEGF.!"** There-
fore, we checked whether EWS/Fli-1 inhibition affected the
expression of these proteins. The results (Fig. 2d) showed
that siEFp and SiEF decreased the level of both TERT and
VEGF.

EWS/Fli-1 knockdown correlates with decreased
proliferation of ES cells

To study the cellular effects of EWS/Fli-1 knockdown in ES
cell lines, TC-135, A673 and SK-ES-1 cells were transfected
with the nonfunctional siCONT as a negative control or with
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Figure 2. Effects of synthetic siRNAs targeting the breakpoint of EWS/Fli-1 Type 1 in TC-135 cells. TC-135 ceils were transfected with siEFp,
siEF, siCONT or lipofectamine alone (mock). (@) Decreased expression of EWS/Fli-1 mRNA at 24 hr (left) and 72 hr (right) after transfection
with various siRNAs (50 nM). Knockdown efficiency was measured quantitatively by real-time reverse transcription-PCR (RT-PCR) analysis.
Levels of EWS/Fli-1 mRNA expression were obtained subsequent to normalization with constitutively expressed GAPDH mRNA. Each bar
represents the mean = SD (n = 4 dishes). ***P < 0,001 vs. siCONT and mock. **P < 0.01 vs. si€F. (b) Western blot analysis of EWS/Fli-1
protein performed on a lysate of TC-135 cells at 48 hr (left) and 96 hr (right) after transfection with siRNAs (50 nM). B-actin was used as a
loading control. The bands of EWS/Fli-1 were quantified, and their ratios relative to B-actin were calculated. Each bar represents the mean
% SD (n = 4 dishes). ***P < 0.001 vs. siCONT and mock. *P < 0.05 vs. SiEF. () Inhibition of EWS/Fli-1 protein expression in TC-135 cells
transfected with the indicated amounts of siRNAs. The cells were harvested 48 hr after transfection, and cell extracts were analyzed by
immunoblotting. B-actin was used as a loading control. Each bar represents the mean = SD (n = 4 dishes). (d) siRNAs targeting EWS/Fli-1
(50 nM) downregulated the protein levels of c-Myc, TERT and VEGF, as shown by Western blot analysis. B-actin was used as a loading
control. The results are representative of three independent experiments.
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and mock. (b) TC-135 cells were treated for 96 hr with the indicated amounts of siRNAs, and cell viability was determined with a Cell
Counting Kit. The results represent the mean = SD of cell viability relative to the viability of cells treated with mock.

the functional siEFp and siEF to specifically knockdown
EWS/Fli-1. Cell proliferation was examined using a Cell
Counting Kit over different time periods. Both siRNAs tar-
geting EWS/Fli-1 Type 1 efficiently inhibited the proliferation
of TC-135 and A673 cells but had no remarkable effect on
SK-ES-1 cells (Fig. 3a). We also found that these growth-in-
hibitory effects were dependent on the concentration of the
siRNAs (Fig. 3b). Thus, siEFp and siEF appear to exert anti-
proliferative activity against ES cells carrying the Type 1
EWS/Fli-1 fusion gene.

Knockdown of EWS/Fli-1 by synthetic siRNAs in TC-135

cells impairs BrdU incorporation but does not induce
apoptotic cell death

To investigate the mechanism of action of synthetic siRNAs
targeting EWS/Fli-1, we used BrdU labeling to examine DNA
synthesis during mitosis. In TC-135 cells treated for 72 hr
with siEFp and siEF, we observed a significant decrease of
BrdU-positive cells in comparison with siCONT- and mock-
treated cells (Fig. 4a).

We then investigated whether the observed siRNA-
induced reduction of viability occarred via induction of apo-
ptosis, using TUNEL and Hoechst staining to measure nu-
clear condensation and fragmentation. TC-135 cells treated
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for 72 hr with siRNAs were stained with the In Situ Cell
Death Detection Kit as described in “Materials and Meth-
ods.” The results revealed no variations in the percentage of
TUNEL-positive cells after any of the treatments (Fig. 4b).

An early transient burst of poly(ADP-ribosyl)ation of nu-
clear proteins has been shown to be required for apoptosis to
proceed in various cell lines, followed by cleavage of PARP,
catalyzed by caspase-3.2°' Although treatment of TC-135
cells with siEFp and siEF downregulated the expression of
EWS/Fli-1, this did not result in accumulation of detectable
levels of cleaved PARP (Fig. 4c). These results show that
knockdown of the EWS/Fli-1 fusion protein by siEFp and
siEF resulted in inhibition of cell proliferation, although apo-
ptotic cell death was not induced.

Effect of 3'-end modification with an aromatic compound

on siRNA stability

We examined the effect of nucleases on the stability of
siRNA in FBS by modifying the 3'-end with an aromatic
compound. As shown in Figure 54, the unmodified siEF was
fully degraded within 12 hr, whereas the modified siEFp
showed only weak signs of degradation after 0.5, 1 and 3 hr.
Increased stability was also observed with siEFp, where little
full-length product remained at 12 hr.
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immunofluorescent images after staining with BrdU (green) and Pl (DNA, red). Quantitative data were obtained by counting BrdU-positive
cells in five different fields per slide. The results represent the mean + SD. ***P < 0.001 vs. siCONT and mock. (b) Similarly treated TC-
135 cells were stained using an In Situ Cell Death Detection Kit, followed by Hoechst labeling. The number of TUNEL-positive cells was
counted and the ratio calculated in five different fields per slide. As positive controls, cells incubated for 6 hr with 50 ng/mL actinomycin D
(ActD) were analyzed. (c) TC-135 cells were treated with siRNAs for 96 hr and lysed, and protein samples were then separated by SDS-
PAGE, The intact (116 kDa) and catalyzed (89 kDa) forms of PARP protein were detected by using anti-PARP antibody, As positive controls,
protein samples from the cells treated with 50 ng/mL ActD for 6 hr were analyzed. B-actin was used as a loading control. The results are

representative of three independent experiments.

Next, the susceptibility of the ON to SVPD, a ¥'-exonucle-
ase, was examined. The antisense strands of siEF and siEFp
labeled at the 5'-end with fluorescein were incubated with
SVPD. The reactions were analyzed with PAGE. Figure 5b
shows the results. The unmodified siEF was hydrolyzed ran-
domly after 5 min of incubation, whereas the modified siEFp
was resistant to enzyme. Taken together, our data demon-
strate that 3/-end modification with an aromatic compound
on siRNA. can increase nuclease resistance.

Treatment of TC-135 xenografts with siRNAs targeting
EWS/Fli-1

We next investigated the therapeutic effectiveness of siRNAs
targeting EWS/Fli-1. We established a xenograft model of

TC-135 cells as described in “Materials and Methods” and
examined intratumoral treatment with siRNAs targeting
EWS/Fli-1 together with atelocollagen. When the tumors
reached a volume of 50-60 mm’, the animals were random-
ized into four groups—siEFp, siEF, siCONT and PBS—and
tumor growth was followed up over a period of up to 4
weeks. As shown in Figure 6a, siEFp and siEF markedly sup-
pressed tumor growth in comparison with siCONT or PBS.
Moreover, we found that siEFp significantly inhibited tumor
growth in comparison with siEF. No death, loss of body
weight or gross adverse effects occurred in the mice as a
result of treatment with the siRNAs. Furthermore, application
of siRNAs targeting EWS/Fli-1 decreased the production of
EWS/Fli-1 mRNA in the tumors (Fig. 6b). We also examined
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Figure 5. Analysis of siRNA stability. (d) siEF and siEFp were
incubated in 10% FBS at 37°C for 0, 0.5, 1, 3, 6, 12 or 24 hr, and
aliquots were analyzed on 15% polyacrylamide gels. (b) 20% PAGE
of 5'-fluorescein-labeled ONs hydrolyzed by SVPD. ONs were
incubated with SVPD for 0, 1, 5, 10, 15, 30 min and 1 and 3 hr.

the expression of Ki-67, considered an indicator of cell prolif-
eration, using immunobhistochemistry. As shown in Figure 6c,
the percentage of Ki-67-positive cells was significantly
reduced in tumors from mice treated with siEFp and siEF.

Discussion
ESFTs are very aggressive pediatric malignancies. Despite the
use of multimodal therapy, their prognosis remains poor,
with an overall 5-yr survival of 55-65% in patients with
localized disease, or even lower in poor-risk patients’*?’
These tumors are characterized by the presence, in over 85%
of cases, of a chromosomal translocation that results in the
generation of the chimeric gene, EWS/Fli-1. We have already
studied EWS/Fli-1 and established some of the effects of this
oncoprotein.**'*7* The results obtained so far indicate that
EWS/Fli-1 has potential as a unique therapeutic target for the
treatment of ESFTs. Inhibition of the expression of EWS/Fli-
1 in ES cells using antisense oligonucleotide results in
decreased proliferation, suggesting a potential therapeutic
intervention directed at this oncogene*™® Reduction of
EWS/Fli-1 by siRNA has recently been investigated by other
groups.””"* However, to our knowledge, no previous report
has indicated that chemically synthesized siRNA targeting the
breakpoint of EWS/Fli-1 with non-viral delivery inhibits the
growth of human ES subcutaneous xenografts. This study
demonstrated that knockdown of EWS/Fli-1 using synthetic
siRNAs inhibited both the proliferation of ES cells and the
growth of human ES tumor xenografts in a mouse model.
The silencing of gene expression by siRNA is a powerful
tool for genetic analysis of mammalian cells and has the
potential for further development into a specific, potent and
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safe treatment for human disease, However, application of
siRNAs in vivo and their possible use for therapy still has
several critical hurdles that have not yet been comprehen-
sively addressed. For instance, the delivery, stability and
pbarmacokinetics of siRNA are major problems. So far,
many types of siRNAs modified at the base or carrying sugar
or phosphate moieties have been synthesized, and their nu-
clease-resistant properties and RNAi-inducing activities have
been studied. >°=** Recently, we have developed and synthe-
sized siRNAs possessing aromatic compounds at the 3'-
end.'”™® In this study, we first confirmed that siEFp signifi-
cantly downregulated the expression of EWS/Fli-1 mRNA
and protein and decreased the proliferation of ES cells. We
then demonstrated that siEFp significantly inhibited tumor
growth in our xenograft model. Furthermore, it was of con-
siderable interest that siEFp was more potent than siEF
against tumor xenografts in vivo despite the lack of signifi-
cant changes observed in the in vitro proliferation. To test
whether these modifications were capable of increasing the
stability of siRNA, we incubated siEFp and siEF in bovine se-
rum or SVPD, followed by separation on polyacrylamide
gels. It was found that 3'-end modification with the aromatic
compound was effective for improving the nuclease resistance
of the siRNAs, These characteristics potentially improved the
efficacy of siEFp, especially in vivo, where sustained delivery
will be one major obstacle. In addition, to overcome the
problem related to siRNA delivery, we used atelocollagen as a
carrier of siRNAs in an in vivo experiment, as described pre-
viously,***® 1t is known that atelocollagen has the ability
to extend the half-life of siRNA and to keep it intact when
embedded in the body. Atelocollagen is already used clini-
cally and considered to be innocuous. Therefore, we consider
that the clinical application of chemically synthesized siRNA
with atelocollagen represents a simple and an attractive deliv-
ery system for siRNA in vivo.

Argonaute2, a key component of RISC, is responsible for
mRNA cleavage in the RNAi pathway>** It is composed of
PAZ, Mid and PIWI domains. X-ray structural analysis and
nuclear magnetic resonance studies have revealed that the 3'-
overhanging region of the guide strand (antisense strand) of
siRNA is recognized by the PAZ domain and is accommo-
dated into its hydrophobic binding pocket. ™ We hypothe-
sized that the introduction of a lipophilic aromatic com-
pound at the 3'-end of the siRNA would improve the affinity
of the 3'-end for the PAZ domain, thus improving the effec-
tiveness of the siRNA in comparison with the unmodified
form.

The c-Myc, a proto-oncogene, is expressed at high levels
in most human cancers and encodes a transcription factor
implicated in various cellular processes such as cell growth,
proliferation and loss of differentiation.*® Downregulation of
c-Myc could, therefore, play a role in a potential therapeutic
strategy against human cancers.*>*® Previous studies have
indicated that c-Myc transcription is strongly upregulated by
EWS/Hi-1."*% In this study, we found that EWS/Fli-1
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Figure 6. Inhibition of tumor growth by synthetic SiRNAs targeting EWS/Fli-1 in the TC-135 xenograft model. (a) Tumor growth curves after
treatment with SiEFp, SiEF, siCONT or PBS. Each therapeutic reagent was injected into the tumors on days 0, 1, 3, 7, 14 and 21 (arrows).
The results represent mean = SE (n = 6 tumors). *P < 0.05; **P < 0.001, when compared with siCONT and PBS. #p < 0.05 when
compared with SiEF. (b) Levels of EWS/Fli-1 mRNA in tumors were quantified by real-time quantitative RT-PCR. Each bar represents the
mean = SD (n = 4 tumors). **P < 0.01 vs. siCONT and PBS. (¢} Representative micrographs of immunohistochemical detection of Ki-67 in
tumors induced by injection into nude mice of TC-135 cells treated as indicated (left). Ki-67-positive cells were counted in each of five
independent areas. The percentage of Ki-67-positive cells was then calculated. The results represent the mean = SD. **P < 0.01 versus
SiCONT. Data are those for tumors excised 3 days into the treatment schedule.

knockdown by siRNA resulted in downregulation of c-Myc
protein expression (Figure 2c). These results indicate that
administration of siRNAs targeting EWS/Fli-1 may induce
suppression of ES cell growth through the downregulation of
c-Myec,

The tumor growth-inhibitory effect of synthetic siRNAs
resulted from specific silencing of EWS/Fli-1. A decrease of
EWS/Fli-1 mRNA expression was indeed observed by real-
time quantitative RT-PCR of RNA extracted from siRNA-
treated tumors. In this study, we also demonstrated that
sequence-specific downregulation of EWS/Fli-1 impaired cell
proliferation but did not induce apoptosis. It is noteworthy
that the chemically synthesized siRNAs used in this study
targeted the breakpoint of EWS/Fli-1 Type 1, and we found
that these siRNAs reduced both the expression of EWS/Fli-1
protein and the proliferation of ES cells carrying EWS/Fli-1
Type 1 but not cells carrying Type 2. Moreover, our data
showed that suppression of EWS/Fli-1 expression resulted in
downregulation of the EWS/Fli-1-downstream targets, c-Myc,
TERT and VEGE. Although off-target effects of siRNA can-
not be completely ruled out, our current results indicate that
EWS/Fli-1 inhibition is an attractive strategy for the treat-

ment of ES, as this target sequence is present only in tumor
cells.

In summary, we have shown that synthetic siRNAs target-
ing EWS/Fli-1 downregulate the expression of EWS/Fli-1
protein sequence specifically and also reduce the expression
of c-Myc protein. We have also shown that inhibition of
EWS/Fli-1 expression efficiently inhibits the proliferation and
tumor growth of ES cells. Moreover, we have demonstrated
that modification of siRNA with the aromatic compound
pyridine at the 3'-end enhances the efficacy of treatment in
vivo, These results suggest that specific downregulation of
EWS/Fli-1 by synthetic siRNA is a possible approach for the
treatment of ES. Simultaneous use of chemotherapy might
also be effective. Further preclinical studies are warranted to
explore the applicability of EWS/Fli-1 targeting for therapy of
ES.
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Lipoblastoma Mimicking Myxoid Liposarcoma: A Clinical Report
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Lipoblastoma is an uncommon benign lipomatous tumor, occurring typically in children less than 3 years of
age. The magnetic resonance image (MRI) is a useful tool for diagnosis of lipoblastoma; its imaging
typically shows high-intensity signals on both T1-weighted (T1-W) and T2 weighted (T2-W) images. Here,
we present a 12-year-old female patient with a painless mass on the anterior right shoulder. MRI showed
the mass with low-intensity signals on T1-W and high-intensity signals on T2-W images. Because of the
atypical age and MRI findings, it was difficult to make a conclusive diagnosis of the tumor as lipoblastoma
preoperatively. Histopathological examination of the excised tumor showed spindie-shaped or steliate cells
embedded in the myxoid matrix, and a few small irregular clusters of mature fat cells that are separated by
connective tissue septa. There were some immature, lipoblast-like cells dispersed. These findings are
consistent with lipoblastoma, and myxoid liposarcoma was considered as one of the differential diagnosis.
We finally diagnosed the tumor as a lipoblastoma for the reasons that there were many mature fat cells and
no atypical celis for a myxoid liposarcoma. The postoperative course was uneventiul and no recurrence
was observed 5 years after the operation. The patient presented is worthy of note due to the unusual
characteristics of the tumor. Even in the case of adolescent or older patients with atypical imaging,

lipoblastoma should be considered as one of differential diagnosis.

Keywords: lipoblastoma; neoplasm; magnetic resonance imaging; adipose tumor; soft tissue tumor
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Lipoblastoma is a rare benign soft-tissue childhood
tumor occurring most commonly in children less than 3
years of age (Chung and Enzinger 1973; Mentzel et al.
1993), and magnetic resonance image (MRI) is a useful tool
for its diagnosis and preoperative evaluation (Reiseter ef al.
1999). MRIs of this type of tumor are typically character-
ized by high-intensity signals on both T1 weighted (T1-W)
and T2 weighted (T2-W) images (Letourneau et al. 1993).
We report a 12-year-old female patient with lipoblastoma in
the shoulder, which was difficult to diagnose preoperatively
because of the age and its atypical MRI findings. Mean-
while, the presented tumor showed generally low-intensity
signals on T1-W, and high-intensity signals on T2-W
images. These findings were not consistent with lipoma-
tous tumor, and finally we made a diagnosis considering all
findings obtained.

Clinical Findings
A 12-year-old female was referred to our clinic with a
3-month history of a painless mass on the anterior right
shoulder. The patient had no history of trauma or constitu-

© 2011 Tohoku University Medical Press

tional symptoms. Physical examination showed a 6 x 3 cm
elastic soft mass on the anteromedial aspect of the right
humerus. The mass was non-tender, well circumscribed,
and distinct from surrounding tissue, and did not pulsate.
The overlying skin showed none of reddening, increased
warmth and vein distention. Neurological examination and
pulses of the upper limbs were normal. Results of labora-
tory tests were within normal limits.

Plain radiography of the right shoulder showed no
abnormal calcifications and no abnormalities of the
humerus. MRI showed that the mass was well defined and
located between the deltoid and greater pectoral muscles
(Fig. 1). The mass generally showed low-intensity signals
on T1-W and high-intensity signals on T2-W images. There
were areas that showed high-intensity signals on T1-W, and
low-intensity signals on T2-W images. With fat-suppres-
sion sequences using short T1 inversion recovery (STIR),
the mass showed generally high-intensity signals. After
intravenous administration of a gadolinium-based contrast
material, the tumor image was weakly enhanced. Thallium
scintigraphy showed no intense uptake in the tumor.
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Fig. 1. MRI of the right shoulder of a 12 year-old female.

a. Tl-weighted axial image showing an intra-muscular encapsulated mass. The mass is almost homogenous with low-

intensity signals and contains a few high-intensity regions.

b. T2-weighted axial section image. The mass shows mostly high-intensity signals.
¢. STIR axial section showing no suppression of the signal intensity of the mass, while subcutaneous fat areas are well

suppressed.

d. Tl-weighted Gd-DPTA-enhanced axial section showing heterogeneous enhancement of the mass.

Therefore, it was considered that alternative diagnoses
include hemorrhage after rupture of muscles, myxoma, neu-
rinoma as a benign tumor, and myxoid liposarcoma as a
malignant tumor.

Due to the findings above, our clinical impression was
that it was not a lipomatous tumor.

A biopsy was considered essential to make a definite
diagnosis. An excisional biopsy was chosen because it
could preserve the neurovascular band in case of additional
resection if the tumor turned out to be malignant.

During the operation, the deltoid muscle was split and
an incision was made directly into the tumor. There was no
invasion found into any of the surrounding tissue, and the
mass was completely excised. Macroscopically, the mass
was well-circumscribed, elastic soft, yellowish and homog-
enous.

Histopathological examination showed the tumor to be
well encapsulated. Spindle-shaped or stellate cells were
embedded in the myxoid matrix, and a few small irregular
clusters of mature fat cells were separated by connective
tissue septa of varying thickness. There was a variable
degree of cellular differentiation, and vascularization was
clearly evident. There were some immature, lipoblast-like
cells and mesenchmal cells dispersed throughout (Fig. 2).
Ultrastructurally, the tumor cells were irregularly stellate,
and cytoplasmic projections were observed engulfing the
surrounding myxoid stroma, resulting in a vacuolated
appearance. The cytoplasm was rich in filaments, contained

Fig. 2. The tumor section stained with Hematoxylin and
eosin.
Shown are a few small irregular clusters of mature fat
cells that are separated by connective tissue septa. Some
lipoblast-like cells and mesenchymal cells are indicated
with arrows and arrowheads, respectively. Atypical cells
are not present. (x 40)

small vesicles, which were focally clustered, and also con-
tained vacuoles. A few cells possessed fat droplets (Fig. 3).

These features were consistent with lipoblastoma, and
myxoid liposarcoma is considered as one of the differential
diagnosis. Finally, we diagnosed the tumor as a lipoblas-
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Fig. 3. Electron micrograph of the tumor.
A tumor cell presented in this picture contains fat droplet
(N: nucleus, F: fat droplet).

toma for the reason that there were many mature fat cells,
no atypical cells and small amount of vascularization for a
myxoid liposarcoma. Furthermore, the lobulated appear-
ance of the tumor, which is characteristic of lipoblastomas,
supported this diagnosis. The postoperative course was
uneventful and no recurrence was observed 5 years after the
operation. The patient and her family have provided per-
mission to publish these features of her case, and the iden-
tity of the patient has been protected.

Discussion

Lipoblastoma is a rare, benign neoplasm that consists
of immature fat cells at various degrees of maturity and
occurs exclusively in childhood, with a male predominance
between 1.5 and 3:1 (Chung and Enzinger 1973; Stringel et
al. 1982). It has a good prognosis, and does not behave
aggressively or metastasize, and therefore the treatment of
choice is complete but conservative excision (Chung and
Enzinger 1973; Mentzel et al. 1993; Coffin 1994; Gilbert et
al. 1996). This type of tumor is rare in patients older than 8
years, however, it has been reported in a number of patients
over 10 years of age (Reinders et al. 1983; Jimenez 1986;
Gisselsson et al. 2001). In the present report, the patient
was 12 years old and was considered relatively old for the
condition, and hence it was considered to be rare. (Table 1)

Pathological features of lipoblastoma include a wide
spectrum of adipocytic differentiation, in which mono- and
multivacuolated lipoblasts are admixed with mature adipo-
cytes. The adipocytic cells are often set in a variably myx-
oid matrix containing spindle or stellate mesenchymal cells,

Table 1. Areview of the age of lipoblastoma cases.

age mean
year cases (mo.) (mo.)
Chung & Enzinger 1973 35 0-84 12
Mentzel et al. 1993 14 0-72 324
Hicks et al. 2001 25 2-120 20
Chun et al. 2001 7 3-29 15.6
Gisselsson et al. 2001 16 8-156 45.1
Jung SM et al. 2005 16 5-49 11.5
Moholkar S et al. 2006 12 6-72 18
Present patient 2010 144 —

mo., months.

and the tumor is usually organized into lobules, separated
by fibrous septae (Weiss and Goldblum 2008).

The ultrastructural features of lipoblastoma are vari-
able. As in normal developing fat, the cells show a wide
morphologic spectrum ranging from immature mesenchy-
mal cells and preadipocytes to maltivacuolar lipocytes. The
lipoblasts contain numerous vesicles, round to oval mito-
chondria, and well-developed Golgi membranes. The pres-
ent patient showed that the tumor cells contained small ves-
icles and vacuoles. A few cells possessed fat droplets as a
mature adipocyte shows. And these cells were observed
engulfing the surrounding myxoid stroma, which is compat-
ible with the features of both lipoblastoma and mixoid lipo-
sarcoma. In fact, it is reported the principal differential
diagnostic consideration of lipoblastoma is mixoid liposar-
coma (Weiss and Goldblum 2008).

The origin of this disease is still unknown; however,
adipocytic progenitor cells are considered to be one of the
candidates of lipoblastoma. Gisselsson et al. (2001)
reported chromosomal rearrangements involving band 8q12
in four lipoblastomas. Fach of these alterations targeted the
PLAGI oncogene, which encodes a zinc-finger transcription
factor, expressed primarily in fetal tissues and only at very
low levels postnatally. They propounded a possible mecha-
nism of tumorigenesis of the disease is that the presence of
PLAG! overexpression transforms mesenchymal progeni-
tor cells to lipoblastoma cells, with various degrees of pro-
liferation and differentiation (Gisselsson et al. 2001). It
might be an explanation why this disease occurs in younger
age, because such progenitor cells are only present in the
first few years of life (Gisselsson et al. 2001).

To achieve a diagnosis, the patient’s age, gender, the
location of the tumor, radiological features, and histological
findings are of some help. However, diagnosis in somewhat
older patients can be problematic and, to a degree, arbitrary
(Mentzel et al. 1993). Mentzel et al. (1993) presented a
patient diagnosed with myxoid liposarcoma that could be
called a lipoblastoma if the patient had been 10 years
younger. In the present report, the patient age was rela-
tively old and it was difficult to make a differential diagno-
sis between myxoid liposarcoma and lipoblastoma.
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Reiseter et al. (1999) reported that MRI is an essential
tool for diagnosis and preoperative evaluation of lipoblas-
toma. MRI can show anatoniical detail, which is essential
for successful radical tumor excision. Also, in general,
although lipoblastoma mostly gives a high-intensity signal
on both T1-W and T2-W images, it may be hypointense and
more heterogeneous with subcutaneous fat on the T1-W
image (Letourneau et al. 1993; Gilbert et al. 1996).
However, in the present patient, the mass was found to be
generally homogenous with low-intensity signals on T1-W,
and with high-intensity signals on T2-W images.
Furthermore, with fat-suppression sequences, the mass
showed generally high-intensity signals. These findings are
non-specific, but they are not consistent with lipomatous
tumors. In this patient, it is possible that the tumor con-
tained a mucinous matrix, resulting in generally low-inten-
sity signals on the T1-W image. Thus, it should be noted
that lipoblastoma could show atypical MRI findings.

Conclusion
We present a patient with lipoblastoma that shows
unusual MRI findings.
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